The present study aimed at investigating the relationship between tablet hardness and homogeneity of di®erent Yinhuang dispersible tablets by near-infrared chemical imaging (NIR-CI) technology. The regularity of best hardness was founded between tablet hardness and the spatial distribution uniformity of Yinhuang dispersible tablets. The ingredients homogeneity of Yinhuang dispersible tablets could be spatially determined using basic analysis of correlation between analysis (BACRA) method and binary image. Then di®erent hardnesses of Yinhuang dispersible tablets were measured. Finally, the regularity between tablet hardness and the spatial distribution uniformity of Yinhuang dispersible tablets was illuminated by quantifying the agglomerate of polyvinyl poly pyrrolidone (PVPP). The result demonstrated that the distribution of PVPP was unstable when the hardness was too large or too small, while the agglomerate of PVPP was smaller and more stable when the best tablet hardness was 75 N. This paper provided a novel methodology for selecting the best hardness in the tabletting process of Chinese Medicine Tablet.
Introduction
Chinese Medicine Tablet (CMT) is the most commonly used dosage form among modern traditional Chinese medicine pharmaceutics. Tablet hardness is a critical pharmaceutical process parameters in quality control. Tabletting forces have a deep in°u-ence on ingredient spatial distribution. 1 Ingredient spatial distribution information is closely related to the quality attribute of tablet because spatial distribution is directly related to the bioavailability.
Nowadays, wet analysis, mass spectrometry (MS) or high-performance liquid chromatography (HPLC), etc., which were used to evaluate the tablet homogeneity depends on di®erent contents of active pharmaceutical ingredients in di®erent tablets. Anil and Pravin reviewed novel techniques for solubility, dissolution rate and bioavailability enhancement of class II and IV drugs because enhancement of solubility, dissolution rate and bioavailability is a very challenging task in drug development. 8 Huang et al. investigated the relationship between the dissolution rate and bioavailability of paracetamol, in which the result showed a good linear relationship. 9 However, wet analysis cannot provide information about spatial distribution of active pharmaceutical ingredients in tablets. Furthermore, more attention should be paid to the spatial distribution of active pharmaceutical ingredients because complex compounds distribution has a critical impact on the dissolution rate and therapeutic performance of CMT.
Recently, near infrared chemical imaging (NIR-CI) is a visual technique in analytical technology. NIR-CI adds a dimension about spatial distribution to the spectral information. 10 Roggo et al. measured the e®ect on dissolution properties of pilot-scale produced tablets using NIR-CI. The result showed that hydrophobic magnesium stearate protected the tablet cores from moisture and therefore slowed dissolution. 11 Saravanan et al. investigated the effect of the concentration of Eudragit L100, microcrystalline cellulose and tablet hardness on in vitro release of cephalexin extended release tablet. The dissolution results showed that a higher amount of Eudragit in tablet composition and higher tablet hardness resulted in reduced drug release. 12 Furthermore, increasing the complexity of ingredients in traditional Chinese medicine pharmaceutics requires new methods for rapid and direct visualization of the spatial distribution of active pharmaceutical ingredient (API) in CMT. Wu et al. have¯rstly studied API distribution and homogeneity of CMT by NIR-CI. 13, 14 Wu et al. demonstrated a novel application of NIR-CI for monitoring the blending process of Yinhuang powder. The result illuminated MBMRSTDEV could be a useful method for visualizing the trend of the blending process using NIR-CI. 15 However, no paper has reported the in°uence of tablet hardness on spatial distribution of ingredients in CMT. Traditional technology measured the hardness of tablets to meet the quality requirements, which ignored the in°uence of tablet hardness on pharmaceutical ingredients distribution. Simultaneously, the measurement of tablet hardness is destructive and o®-line, which cannot timely obtain process quality information of the intermediate, thus lead to the quality unstability of tablets.
The spatial distribution and homogeneity with di®erent hardness in Yinhuang dispersible tablets was investigated by NIR-CI technology, as well as the relationship between tablet hardness and spatial distribution uniformity of Yinhuang dispersible tablets. In this paper, this research focused on the relationship between spatial distribution of polyvinyl poly pyrrolidone (PVPP) and tabletting forces. PVPP distribution has a critical impact on the tabletting forces, dissolution rate and therapeutic performance of Yinhuang dispersible tablets. Therefore, the best hardness was investigated according to the characteristics of PVPP in CMT in pilot-scale production process.
Materials and Methods

Materials
Extracts of Radix Scutellariae Baicalensis and Flos Lonicerae were provided by Key Laboratory of TCM-information Engineering of State Administration of TCM (Beijing, China). PVPP was purchased from Yunhong Chemical Industry Corporation (Shanghai, China). Microcrystalline cellulose (101QD, International special products, USA) and magnesium stearate were purchased from Zhanwang Excipients Corporation (Zhejiang, China).
Preparation of Yinhuang dispersible tablets
The formulation of Yinhuang dispersible tablet (0.3 g per tablet) 16 included Radix S. Baicalensis extract (100 g), F. Lonicerae extract (40 g), PVPP (21 g), Microcrystalline cellulose (15.4 g) and Magnesium stearate (0.7 g). A uniform dry powder mixture of active ingredients and excipients was obtained by mixing in a mortar according to the prescription's proportion after sifting with 100 mesh (0.15mm).
Yinhuang dispersible tablets were produced by direct powder compression technique performed by pilot-scale ZPS10 rotary tablet machine (Xinyuan pharmaceutical machinery, Inc., Shanghai, China). A total of 15 samples with hardness between 10 and 200 N were produced by adjusting process parameters of rotary tablet machine. Each pure compound reference tablet was also produced to obtain pure spectrum during NIR-CI scanning.
NIR-CI equipment and software
Yinhuang dispersible tablet was measured directly on a NIR line mapping system (Spectrum Spotlight 400 FT-IR and 400 N FT-NIR Imaging Systems, PerkinElmer, UK) using a microscope slide. For each acquisition, 16 spectra were collected from a linear mercury cadmium telluride (MCT) detector array. Each spectrum of Yinhuang dispersible tablet was the average of 16 scans, each of which used the wavenumber region 7800-4000 cm À1 , pixel size 25 Â 25 m and a spectral resolution of 16 cm À1 . 13, 17 After sample scanning, the tablet hardness was tested by Tablet Hardness Tester (Kraemer Elektronik, Inc., Germany).
Data treatment
The Spotlight 400 software (Spectrum Spotlight 400 FTIR and 400 N FT-NIR Imaging Systems, PerkinElmer, UK) was utilized to acquire the data. Hyper View (PerkinElmer), Matlab version 7.0 (MathWorks Inc., USA) and Image-Pro Plus software (Media Cybernetics, USA) were used for data processing. Some of the algorithms used in this paper were developed in Matlab platform by ourselves.
3. Results and Discussions 3.1. Raw NIR images of Yinhuang dispersible tablets of di®erent hardness Figure 1 showed raw NIR images of Yinhuang dispersible tablets of di®erent hardness. As shown in Fig. 1 , raw images could re°ect di®erent hardness message of Yinhuang dispersible tablets according to signal characteristic in the region of 4000-7800 cm À1 . In addition,¯ve pure spectra were extracted from each pure image, respectively (Data was not shown).
As a consequence, the hardness of 15 samples was measured, as shown in Fig. 1 .
3.2.
Identi¯cation by basic analysis of the correlation between analysis method 3.2.1. Characteristic analysis of¯ve pure spectra NIR image was preprocessed by di®erent methods, such as the combination of normalize and second derivative, smoothing average with a window size of 9 points, the combination of smoothing average with a window size of 9 points and normalize. As reported in our previous research, 13-15 the combination of smoothing average with a window size of 9 points and normalize provided the best pretreatment results.
Therefore, to clarify the di®erences between two pure spectra, based on the best pretreatment methods, correlation image was calculated by the basic analysis of correlation between analysis (BACRA) method, as shown in the formula.
where X i is the spectrum of sample image; Y i is each pure spectrum of the ingredient in Yinhuang dispersible tablets (e.g., i ¼ 1; 2; 3 . . . m); N is the number of spectral variables. The results were shown in Fig. 2 . There were high correlation coe±cients (r) between F. Lonicerae extract and microcrystalline cellulose. It indicated that the tiny di®erence between F. Lonicerae extract and microcrystalline cellulose could not be identi¯ed using the BACRA method. On the contrary, the spectra of other three pure components in Yinhuang dispersible tablets could be identi¯ed by BACRA method.
Determination of PVPP distribution in
Yinhuang dispersible tablets by BACRA method
The correlation-coe±cient images of Radix S. Baicalensis extract, PVPP, magnesium stearate and Yinhuang dispersible tablets were investigated. The correlation coe±cients between the pure spectrum of Radix S. Baicalensis extract and all the absorbance spectra of the Yinhuang dispersible tablets were 0.76-0.84. In addition, the correlation Lonicerae extract image; 2-2, the correlation image from Radix S. Baicalensis extract with pure PVPP image; 2-3, the correlation image from Radix S. Baicalensis extract with microcrystalline cellulose image; 2-4, the correlation image from Radix S. Baicalensis extract with magnesium stearate image; 2-5, the correlation image from F. Lonicerae extract with PVPP image; 2-6, the correlation image from F. Lonicerae extract with microcrystalline cellulose image; 2-7, the correlation image from F. Lonicerae extract with magnesium stearate image; 2-8, the correlation image from PVPP with microcrystalline cellulose image; 2-9, the correlation image from PVPP with magnesium stearate image; 2-10, the correlation image from microcrystalline cellulose with magnesium stearate image.
coe±cients between the pure spectrum of magnesium stearate and all the spectra of Yinhuang dispersible tablets were below 0.5. Therefore, Radix S. Baicalensis extract and magnesium stearate could not be identi¯ed by BACRA methodology. However, as shown in Fig. 3 , the correlation coe±cients between the pure spectrum of PVPP and all the absorbance spectra of the Yinhuang dispersible tablets were all above 0.91, which indicated the existence of PVPP. PVPP zones were distinguished by correlation-coe±cient from highest to lowest in the correlation coe±cient maps, which illustrated the spatial distribution of PVPP in Yinhuang dispersible tablets.
Homogeneity analysis of PVPP spatial distribution
The result was further depicted by binary image, as shown in Fig. 4 . The aggregation of PVPP in each sample was visualized in binary image. The comparison of each sample could be easily illuminated. The spatial distribution of PVPP was clearly identi¯ed by binary images. However, for a technique used in quality control, the data should be objective. Therefore, a certain parameter to evaluate the degree of agglomeration was adopted to quantify the agglomeration of each image. The relationship between the aggregation quantitative parameter of PVPP and tablet hardness was clari¯ed by the data statistics, as shown in Table 1 . The aggregation size, average aggregation area and average aggregation length of PVPP is shown among di®erent hardness of Yinhuang dispersible tablets.
Firstly, the average agglomeration area of PVPP gets large and°uctuant in the unstable period, in which the value of average agglomeration area is above 3000 pixels. The tablet hardness range of this unstable period is 16-52 N and 158-200 N. In addition, the average agglomeration length of PVPP exceeds 70 pixels. Secondly, agglomerate number of PVPP is relatively few and stable within the tablet hardness of 75 N.
Thus, tablet hardness should be controlled within a certain small range to ensure the homogeneity of PVPP distribution in compression process. The result validated that the best tablet hardness range was 75 N according to the variance trend. It provides the methodology about the measurement of critical process parameters (CPP), which a®ect critical quality attributes in the CMT tablet process, such as hardness. 
Conclusion
This paper takes Yinhuang dispersible tablets as an example. PVPP distribution in Yinhuang dispersible tablets was spatially investigated using basic analysis of correlation between analysis (BACRA) method, then the BACRA analysis images were further depicted by binary image to make the spatial information of PVPP more clearly visualized. The relationship between tablet hardness and the spatial distribution uniformity of Yinhuang dispersible tablets was investigated by quantifying the agglomerate of PVPP. Finally, the best tablet hardness was obtained within 75 N according to the variance trend. This work demonstrates that NIR-CI can be an e®ective tool in monitoring the uniformity of Yinhuang dispersible tablets, which cannot be realized by wet analysis, such as HPLC or MS. This investigation built the correlation between tablet hardness 
